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INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Asphalt concrete is a mixture of aggregate, binder (bitumen) and filler (majorly cement), used for construction and maintenance of all kinds of roads, parking areas, playground and sport areas [1] . Asphaltic pavement design is incomplete or becomes unstable without filler. Mineral filler consists of very fine, inert mineral matter that is added to the Hot Mix Asphalt (HMA) to improve the density and strength of the mixture. Filler is generally selected on the basis of its ability to increase the stiffness of the binder mastic or improve adhesion between the binders and aggregate [2] . Geotechnical analysis is performed in pavement analysis and design system to determine the strength and stiffness of the sub-grade. The material characterization, load characterization and mechanistic analysis and behaviour functions are important factors to consider in pavement analysis and design system method [3] In civil engineering works, various waste products have been used for several purposes amongst which are stabilization of soil and replacement of filler or binder materials. These wastes utilization would not only be economical but may also result to foreign exchange earnings and environmental pollution control [4] . In highway construction technology, efforts are being made in the area of utilizing waste materials instead of discarding or incinerating them. Such wastes include industrial, Agricultural and Municipal solid waste [5] . Earlier research has investigated the performance of asphalt concrete containing Metakaolin partially replaced with cement [6] . They found out that at varying percentages of bitumen content, the stability, flow, voids in mixed aggregates and void in the mix meets the standard specified with an optimum bitumen content of 5.5%. Recently Bagasse Ash (BA), a readily available agricultural/industrial waste material has found useful application in engineering and other field of studies. Sugarcane Bagasse (SCB) is a fibrous wasteproduct of the sugar refining industry, along with ethanol vapour. Its analysis from sugar industry shows that it contains unburned carbon along with the other constituents present in Portland cement. BA can replace some of the raw materials; reduce the energy cost and increasing revenue from the cement industry [7] . The use of BA as a supplementary cementitious material to partially replace Ordinary Portland Cement (OPC) not only helps reduce methane emissions from dispose of organic waste and reduce the production of cement, which is in famous for its high energy consumption and CO2 emission, but also can improve the compressive strength of cement mixed materials [8] .
As stated by Cordeiro et al. [9] , the improved compressive strength depends on both physical and chemical effects of the SCB ash. The physical effect of the filler is concerned with the packing characteristics of the mixture, which in turns depends on the size, shape and texture of SCB ash particle. The chemical effects relates to the ability of the BA to provide reactive siliceous and aluminous compounds to participate in the pozzolanic reaction with calcium hydroxide and water. Laboratory study on the influence of three compactive efforts on the strength properties of treated black cotton soil shows that the tropical black cotton clay treated with a maximum of 10% BA by weight of dry soil indicated that the strength properties increased with higher compactive effort [10] . The test results obtained are compared with those specified by the relevant codes so as to see the suitability or otherwise of the tested materials for HMA pavement design. The comparison was as shown in Table 2 . From the results, it can be seen that the penetration, viscosity, flash and fire point, ductility, solubility and specific gravity of the bitumen used fall within the range specified by the code. Therefore, the material can be used in HMA design.
Tests on Bagasse Ash Tests on Bagasse Ash Tests on Bagasse Ash Tests on Bagasse Ash
The result of chemical composition analysis conducted of bagasse ash is as shown in Table 3 and its particle size distribution curve is shown in Figure 3 . According to ASTM standard which specifies a material having combined weight of silica, aluminum and iron oxides of 50% by weight of fraction can be deduced to be class C (Si02 + Al203 + Fe203 = 53.4%) and can be used as mineral filler in HMA design as a partial replacement of cement. The result of the particle size distribution is as shown in Figure 3 . It was observed that about 65% of BA passed the 0.075mm sieve which signifies that the ash is suitable for use in HMA. The results obtained compared with standard from code of practice were as shown in Table 5 . It was observed that the OPC used conforms to the standard stipulated in the specification. Hence, the cement is suitable for use in Civil Engineering work. Figure 4 shows the relationship between Stability and Bitumen Content. Stability increases as BA decreases beyond a bitumen content of 6.5%. From Figure 5 , flow values for 0 and 10 percent BA happen to be perfect while others fail. It can also be deduced that Flows at 5.5% bitumen content, are fairly constant at roughly 2.5mm. The curves (see Figure 6 ) for unit weight (density) of total mix follow the same trend as that of the stability curve. According to design criteria stated in Asphalt Institute Marshall design, percent air voids in the mix decreases with increasing bitumen content, and most of these values fall within 3 to 5mm. 30 and 50% of BA completely fall out of range (see Figure 7 ). According to Asphalt Institute [15] Marshall Design criteria, the minimum void in mineral aggregate is 15%, since the maximum particle size used in this work is 12.5mm. The voids in mineral aggregate (VMA) values of Figure 8 all fell in range, except for that of 30% BA. It also shows that percent voids increases with increasing bitumen content. The value of 5.5% of bitumen content gave rise to approximately constant VMA value of 16%. The combined graphs of void filled with bitumen (VFB) with bitumen content (see Figure 9 ), show how VFB values increase with increasing bitumen content. But, VFB value of 50% BA with bitumen content above 6.4% decreases instead. solve environmental problems encountered in urban settings where Bagasse is disposed; hence this can help in the actualization of the phrase "waste to wealth". 2. The desirable properties of aggregates used in this study fell within the value specified by the relevant standards. Also, the required properties of bitumen as a binder also conform to the standard specified by the relevant codes. Therefore, they can be used in the design of asphalt pavement. 3. The recommended properties of mineral filler in terms of pozzolanic characteristics and fineness was met by the BA since the combined percentage of silica, aluminium and iron oxides meets the specification in ASTM standard. 4. The mix containing 10%BA and 90%OPC at varying percentages of bitumen content have values which meet the standard specified in Asphalt Institute for strength criteria. 5. The Optimum BA content to be partially replaced with OPC in asphalt concrete mix should be 10%. 
